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patients suspected of having a bloodstream infection. 
The well-established relationship between volume of 
blood per culture and microbiological yield has recently 
been confirmed for high-volume blood cultures [ 11. 
Anecdotal observations of inadequately filled bottles 
as well as the changes in the layout of the product 
label led us to monitor the blood volumes drawn in 
BACTECPLUS/F culture bottles to obtain a baseline for 
further quality improvement in O u r  hospital. 
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Blood volumes in conse,cutively submitted 
BACTECPLUS/F aerobic and anaerobic bottles were 
analyzed. For these bottles, the volumes of blood 
were identified as optimal (8-10 mL) and acceptable 
(3-10 d) according to the instructions printed on the 
bottle label. Blood for culture was sampled through a 
double-ended needle fixed in a needleiholder (direct- 
draw technique). 
In order to minimize any variation in weight 
between different bottles or different lots, each indi- 
vidual bottle was weighed before distribution and upon 
receipt in the laboratory. After correction for the 
removal of bottle caps and addition of specimen labels, 
the diflerence in weight was converted to blood volume 
by multiplication by 0.985 mL/g. The bottles were 
read by the BACTEC 9240 fluorescence analyzer over 
a 7-day incubation period. A reading was considered to 
be false positive when it was not confirmed by Gram 
stain and when subculture failed to grow. 
During the study period, 142 phlebotomists were 
randomly questioned about the actual blood culture 
collection technique, by use of a standardized question- 
naire. 
In most evaluation studies and 1.n many institutions, 
venipunctures are performed with ar syringe and needle, 
which allows the phlebotomist to control the volume 
of blood at the time of sampling and during the 
inoculation of the culture bottle:; [2]. Alternatively, 
blood for culture may be drawn through a transfer set, 
or through a double-ended needle into an evacuated 
blood collection tube or directly into the blood culture 
bottle. As the elongated neck of the BACTECPLUS/F 
bottles is designed to fit the Vacutaiiner needle-holders, 
we adapted this technique for the blood culture system, 
relying on the vacuum present in the headspace of the 
bottles. The latter procedure (referred to as the direct- 
draw technique) is widespread in The Netherlands and 
in parts of western Europe, and is -used in our hospital 
for all venipunctures because of safety reasons. 
The study included 3564 aerobic and 3643 anaer- 
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obic bottles obtained from 1092 patients, and blood 
volumes ranged from 0.1 to 26.8 mL (n=7207). A total 
of 3538 (49.1%) bottles received an acceptable volume, 
including 1028 (14.3%) that contained the optimal 
blood volume. A total of 776 (10.8%) bottles received 
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a blood volunie less than 3 mL, and 2893 (40.1%) 
bottles received a blood volume larger than 10 mL. 
It  is striking that only 14.3% of the bottles met the 
optimal volume criterion and that roughly half of the 
bottles were inadequately filled. 
In a siniilar audit that we performed earlier [3],  
we found the 4.5% false-positive rate to be clearly 
associated with overfilling, and this phenomenon has 
also been reported for analogous blood culture systems 
[2].  In the present study, we found false positives in 
57 (2.0%) of 2839 overfilled bottles but no false 
positives in the 1028 bottles containing the optimal 
blood volume. Apparently, the revised software in the 
BACTEC 9240 analyzer (version 3.61F in the present 
study) compensates for false-positive readings due to 
overfilling. 
Of  more concern is the number of underfilled 
bottles. The direct-draw technique does not allow the 
user to control the volume of blood by comparing the 
blood-broth column height with the volume indications 
on the product label. When queried about this finding, 
the phlebotomists in our hospital pointed to the lack of 
a well-defined ‘endpoint’ that could indicate when to 
withdraw the bottle from the needle-holder. Nearly 
one third of the phlebotomists stated that they did not 
withdraw the bottle until complete depletion of the 
vacuum, a procedure that may result in overfilling. In 
the case of a difficult venipuncture, however, they tend 
to withdraw the bottles rather fast to ensure filling of 
the remaining bottle and eventual other blood-collect- 
ing tubes, an action that may result in underfilling. 
Underfilling may have been due to the instructions 
as stated 011 the label: ‘range 3-10 niL‘ and ‘optimal 
8-10 i d ’ .  This asymmetry is confusing, as it suggests 
that the lower volume limit is less crucial than the upper 
one. Furthermore, there was much confusion concern- 
ing the volume range, with only 25 (16.9%) of the 
interviewed phlebotomists being aware of the correct 
optimal volume. In recent years, the layout of the 
product label on the BACTEC”LU4/F bottles has 
been changed several times, with an extension of the 
reconimended blood volume. We argue that the label 
should clearly state that the optimal volume of blood is 
8-1 0 niL/bottle and that 3 mL and 1 0  mL are the limits 
of acceptable blood volumes for each bottle. Further, 
phlebotomists should be notified of the appropriate 
blood volumes for culture. 
Repeatedly, we demonstrated a poor compliance 
rate in filling BACTECP‘ “’/F bottles. The direct-draw 
blood sampling technique of these bottles has to be 
evaluated and a filling endpoint has to be defined, in 
order to give appropriate directives to achieve com- 
pliance with the reconimended blood volume to be 
added to the blood culture bottle. The present study 
indicates that volumes of blood for culture should be 
monitored routinely as a quality assurance measure. 
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Long-term follow-up of patients with catheter-related 
bacteremia treated without catheter removal 
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It  has been demonstrated that central venous catheter- 
related bactereinia (CRB) can be treated without 
catheter renioval under certain clinical circumstances 
by the use of local intracatheter antibiotics (antibiotic- 
lock technique) plus systemic antibiotics 11-81, This 
conservative approach permits preservation of the 
vascular access in patients who require it for long 
periods of time, such as those receiving oncologic 
treatment, home parented nutrition or periodic 
hemodialysis sessions 19-1 11. 
The advantages of maintaining the catheter are 
well established in terms of cost and patient comfort. 
There dre questions, however, concerning the possible 
development of long-term septic complications, such 
as endocarditis or spondylitis [12-141, derived from 
maintaining an infected device until microbial eradica- 
tion has been completed. Moreover. there are no 
reports that conclusively describe the functionality and 
duration of- sustained catheters. The aini of this study 
was to analyze the outcoine of a cohort of patients who 
had experienced an episode of CXB and were treated 
without catheter removal, in order to evaluate the 
patency and usefulnesc of sustained catheters and the 
emergence of late infectious complications. 
During a 41-month period (October 1990 to 
February 1994), we prospectively followed up all 
patients with a central venous catheter (Pernicath) 
